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Objectives:  
To assess the sensitivity and specificity of ultrasound for the detection of rotator cuff tendon 
tear with respect to Magnetic Resonance Imaging (MRI). 
 
Methods: 
Study protocol was approved by the institutional review board. Sample size was calculated as 
35 MRI positive cases for specificity of 80% for the test (ultrasound). Patients planned for MRI 
of shoulder were counselled for ultrasound of the same joint. 70 subjects (35 positive cases) 
were included. Ultrasound performer and MRI reporting doctor were blinded to the results of 
the other test. 2x2 tables were used to calculated sensitivity, specificity, positive and negative 
predictive value and accuracy of the test.  
 
Results: 
For the diagnosis of any rotator cuff tendon tear ultrasound showed sensitivity of 73.08%, 
specificity of 88.39%, negative predictive value of 90.73%, positive predictive value of 67.86% 
and accuracy of 84.54% with respect to MRI. For the diagnosis of any tear of the supraspinatus 
tendon ultrasound showed a sensitivity of 84% and specificity of 78.79%. Age and 
hypertension showed a significant association for the presence of supraspinatus tendon tear. 
For the diagnosis of subacromial and subdeltoid bursitis ultrasound showed a sensitivity of 
81% and specificity of 42.86%.  
 
Key words: ultrasound, rotator, cuff, tear, shoulder 
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Introduction: 
 
 
Shoulder pain is a common condition with multiple causes. This includes rotator cuff tear, 
adhesive capsulitis, subacromial and subdeltoid bursitis, arthritis, tendinitis and fractures 
among others causes. Patients may present with insidious onset of symptoms or there can be 
acute presentation following lifting of heavy weight or trauma. Plain radiographic evaluation 
of the shoulder is often the initial modality of choice and it is useful to rule out any bony 
abnormality and soft tissue calcifications. However; radiograph are often normal and other 
imaging modalities may have to be used to come to a diagnosis. In this regard Magnetic 
Resonance Imaging (MRI) of the shoulder is used to evaluate for the causes of the shoulder 
pain. Given the exquisite quality of the images offered by MRI; MRI has long been a favoured 
imaging modality for evaluation of the shoulder joint. It not only provides good anatomy of the 
shoulder muscles; but also images all the ligaments in exquisite detail which is not possible 
with other imaging tools.  
 
Although MRI is good at imaging the shoulder joint, the high cost per scan and prolonged 
waiting period to perform these scans are factors that go against it. Patients are also expected 
to lie down still for prolonged duration during these studies which many individuals find 
difficult; especially if they are in pain. Also, dynamic movements cannot be assessed during 
these scans. Many patients present with only features of rotator cuff tear, and specific imaging 
for the ligamentous anatomy may not be needed. In this regard there is a need for an imaging 
tool that can be done quickly, is cost effective, has shorter waiting time and used to assess 
dynamic range of movements of the shoulder joint. Ultrasound is one such tool that fulfils all 
the above criteria.  
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Reason for choosing this research question: 
 
- Although many studies have previously shown that ultrasound is a good imaging tool 
for the assessment of the rotator cuff tears; all such studies are done among western 
population and no Indian data exists in this regard. 
- Most of the studies do not mention the transducer frequency used for the evaluation of 
the patients which has a big impact on the ultrasound diagnosis.  
- The specially made high frequency musculoskeletal ultrasound transducers (14 – 16 
MHz) are very costly and most Indian hospitals find it difficult to afford them. 
 
Setting of the study: 
- A 14 MHz frequency ultrasound transducer was used for evaluation of the shoulder 
joint. 
- All the patients coming for shoulder MRI were counselled for the need for concurrent 
ultrasound evaluation also. 
- Efforts were made to perform the ultrasound evaluation on the same day.   
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Aim: 
 
To assess the diagnostic accuracy of ultrasound for the detection of rotator cuff tear with respect 
to Magnetic Resonance Imaging (MRI) 
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Objectives: 
 
1. To assess the diagnostic accuracy of ultrasound for the detection of rotator cuff tear 
with respect to Magnetic Resonance Imaging (MRI) 
 
2. To identify tendinopathic changes, partial thickness and full thickness rotator cuff tears 
and assess the sensitivity and specificity of ultrasound to diagnose each of them with 
respect to MRI 
 
3. To assess common risk factor for rotator cuff tears among Indian population 
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Literature Review: 
 
 
Overview of rotator cuff injuries: 
 
Rotator cuff tears increase with increasing age; with more than 50% of individuals more than 
80 years of age show rotator cuff tears. (1) In a study done by Yamamoto A, et al in Japan, 683 
people (1,366 shoulders) with mean age of 57.9 years; from a mountain village were assessed 
for rotator cuff tears which showed a prevalence of 20.7% for rotator cuff tears. 36% of patients 
with symptoms had rotator cuff tear while 16.9% of individuals without symptoms had rotator 
cuff tear. (2)  
 
In an another study involving asymptomatic women done by Abate M, et al in Italy; showed 
that the prevalence of rotator cuff tears was more among postmenopausal women (8.9%) as 
compared to premenopausal women (3.1%). (3)  
 
A meta-analysis by Reilly P, et al showed that rotator cuff tears were common in cadaveric 
studies (2553 shoulders showed partial thickness tears in 18.49 % and full thickness tears in 
11.75%, a total of 30.24% tears, with the mean age been 70.1 years). Ultrasound (USG) and 
Magnetic Resonance Imaging (MRI) studies were used to assess prevalence of rotator cuff tears 
in asymptomatic and symptomatic patients. Among the asymptomatic patients USG showed 
prevalence of rotator cuff tear in 38.9% of subjects with a sample size of 591 (partial thickness 
tear 17.2% and full thickness tear of 21.7%). While MRI showed prevalence of 26.2% with a 
sample size of 271 (partial thickness tear of 15.87% and full thickness tear of 10.33% - mean 
age of 44.3 years). While for the symptomatic patients; USG showed a prevalence of 41.4% 
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with a sample size of 1038 subjects (partial thickness tear 6.7% and full thickness tear of 34.7% 
- mean age of 50.4 years). MRI showed a prevalence of 49.38% with a sample size of 490 
subjects (partial thickness tears 8.57% and full thickness tears 40.81% - mean age of 43.6 
years). (4) 
 
Epidemiological data with respect to rotator cuff tears is lacking in Indian population.  
 
Impairment due to rotator cuff tears: 
 
Rotator cuff tears cause restriction in activities of daily living. In one of the study by Nakajima 
et al from Japan; 924 shoulders in 462 individuals were evaluated. 99 shoulders had tear (mean 
age of 70.5 years) and 825 shoulders did not have tear (mean age of 60.2 years). Simple 
shoulder test (SST) was used as a marker of activities of daily living. The SST score was 
significantly lower in patients with rotator cuff tear (P < 0.001) as compared to those who did 
not have rotator cuff tear. Ability to sleep comfortably at night and to lift 3.6 kg of weight 
above the shoulder level showed a significant association. This was impaired in patients with 
rotator cuff tear. (5)  
 
Risk factors for rotator cuff tears: 
Risk factors for rotator cuff tears are multifactorial and can be divided into intrinsic and 
extrinsic factors. Intrinsic factor would include tendon degeneration, vascular microsupply and 
genetic factors; while extrinsic factors would include presence of os acromiale, morphology of 
acromion and coracoid process and spurs from the acromial process. (6) 
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Other common risk factors for rotator cuff tears are male gender, increased age, history of 
trauma and dominant arm (2)(7)(8)(9) higher body mass index (BMI) and lower high density 
lipoprotein cholesterol levels (HDL) in postmenopausal women. (3) Genetic variations (10) 
variability of coracoid morphology, (11) presence of arterial hypertension are other factors 
associated to rotator cuff tears. (12) Smoking increased the severity of rotator cuff tears. (13) 
Occupations that involve continuous arm elevation above the shoulder level and heavy lifting 
are associated with increased rates of rotator cuff tears (14); along with repetitive work and 
awkward posture. (15) Elevated serum cholesterol levels show positive correlation with rotator 
cuff tears. (16) Asymptomatic rotator cuff tears are more common along elderly diabetic 
patients and may be related to diabetes. (17) 
 
Trauma: 
 
In a prospective cohort study done by Valkering KP, el al from Netherlands; in which 217 
patients were reassessed one year after shoulder trauma, 20 patients (9%) had symptomatic 
rotator cuff tears. (7) A retrospective study done by Horsley IG el al in Manchester, UK to 
assess shoulder pathologies among rugby players showed 2 or more pathologies in 75% of 
cases in a study population of 87 professional rugby players. A superior labrum anterior to 
posterior (SLAP) lesion was present in 83% of cases; while 43% of cases had rotator cuff tears. 
(8) In another study by Akbar M, et al who analysed rotator cuff tears in 100 paraplegic patients 
using wheelchair showed that in paraplegic patients rotator cuff tears were significantly more 
common; 63% as compared to 15% in 100 age and sex matched healthy volunteers. This was 
attributed to the repeated use of the wheelchair leading to rotator cuff trauma. (18) 
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Normal Anatomy of Shoulder Joint (19) 
 
 
Figure 1 showing normal anatomy. (20) 
Musculoskeletal Anatomy of the Shoulder and Range of Motion Created by the Rotator 
Cuff Muscles 
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Normal Anatomy of the Glenohumeral (Shoulder) Joint: 
 
 
The glenohumeral joint is a multiaxial synovial lined joint formed by the nearly spherical head 
of the humerus and a very shallow genoid of the scapula. The convexity of the humeral head 
is more than the concavity of the glenoid which gives it the wider range of motion at the 
expense of joint stability. Hyaline cartilage lines both the articular surfaces which shows central 
thickening and peripheral thinning of the articular surface of humerus and is reverse on the 
glenoid fossa.  
 
Glenoid labrum: 
 
A fibrocartilaginous rim that surrounds the glenoid fossa is called the glenoid labrum. It varies 
is size and thickness; and is triangular in shape on cross section. Superiorly it blends with the 
long head of the biceps. Apart from the protection of bone it deepens the joint cavity, thus 
giving more stability to it. Some times its anterior and superior aspect may show some 
deficiency through which herniation of synovial membrane can occur.  
 
Fibrous capsule: 
 
A fibrous sheath that forms the fibrous capsule surrounds the glenohumeral joint. Medially, it 
is attached just outside the glenoid labrum and blends with the long head of the biceps tendon 
in the superior aspect. Laterally, the fibrous capsule attaches to the anatomical neck of the 
humerus; except in the inferior aspect where it attaches more than 1 cm inferiorly. The fibrous 
capsule receives support from the subscapularis, supraspinatus, infraspinatus, teres minor and 
long head of the triceps tendon. A triangular area of exposed capsule which is called the rotator 
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interval extends from the superior margin of the subscapularis to the anterior margin of the 
supraspinatus.  
 
 
Ligaments: 
The glenohumeral, coracohumeral and transverse humeral ligaments are related to the 
glenohumeral joint.  
 
Glenohumeral ligaments: 
 
The anterior and inferior aspect of the fibrous capsule is supported by the glenohumeral 
ligaments. They are different from the usual ligaments with respect to their decreased tensile 
strength; their main activity been to prevent excessive rotation of the humeral head. The 
glenohumeral ligaments are composed of the superior, middle and inferior glenohumeral 
ligaments. The superior glenohumeral ligament originates from the supraglenoid tubercle 
which is just anterior to the origin of the long head of biceps tendon and inserts into the 
proximal aspect of the lesser tubercle on the humerus.  Along with coracohumeral ligament it 
prevents inferior displacement of the humerus. The middle glenohumeral ligaments is a fan 
shaped ligament which originates just anterior to the superior glenohumeral ligament and along 
the anterior margin of the glenoid rim; extending up to the lower third. It inserts into the lesser 
tubercle of the humerus along with the subscapularis tendon with which it blends. Anterior 
stability to the shoulder joint is provided by this ligament. The inferior glenohumeral ligament 
is a hammock shaped ligament which originates along the inferior margin of the glenoid rim 
running anterior to posteriorly. The anterior and superior aspect of the inferior glenohumeral 
ligament is thickened. Similar thickening is seen in the adjacent capsule to which it attaches to 
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form the axillary pouch. The anterior band is primarily considered to be a static stabiliser of 
the shoulder joint.  
 
 
Coracohumeral ligament: 
 
The coracohumeral ligament originates from the lateral aspect of the coracoid process and 
blends with the fibrous capsule to insert into the lesser and greater tubercles of humerus. The 
ligament has a tunnel shaped space for the long head of biceps tendon. It also merges partly 
into the superior glenohumeral ligament.  
 
Transverse humeral ligament: 
 
The lesser and greater tubercles of the humerus are traversed by a broad ligament which is 
called the transverse humeral ligament. It covers the long head of the biceps tendon which is 
present in the intertubercular groove.  
 
 
Vascular supply and innervation: 
 
The glenohumeral joint is supplied by the branches from suprascapular, anterior and posterior 
circumflex arteries while it is innervated by the suprascapular nerve, axillary nerve and lateral 
pectoral nerve.  
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Stability of the shoulder joint: 
 
A large humeral head articulates with a shallow and small glenoid cavity to form the shoulder 
joint which is a cause of inherent instability. However; this is a natural compromise for 
increased shoulder movement. Presence of glenoid labrum, fibrous capsule, different ligaments 
and muscles aid in improved joint stability. While the glenoid labrum deepens the glenoid 
fossa; the ligaments provide stability in certain positions.  
 
 
Rotator cuff in joint stability: 
 
Tendons arising from supraspinatus, subscapularis, infraspinatus and teres minor muscles 
blend with the lateral aspect of the fibrous capsule to form the rotator cuff. The strong tendons 
of these muscles which form the rotator cuff provide a strong lateral support to the joint which 
maintains the appropriate glenohumeral alignment preventing lateral translocation of the joint 
and thus helps in joint stability. The long head of the biceps tendon that originates from the 
supraglenoid tubercle provides superior joint stability and the inferior joint stability is provided 
by the long head of the triceps tendon. However, the inferior aspect of the joint is the most 
unstable part of the glenohumeral joint.  
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Muscles of the rotator cuff: 
 
Subscapularis muscle: 
 
The subscapularis is a triangular shaped muscle that originates from the subscapular fossa (of 
the scapula) and inserted along the lesser tubercle of humerus. It also gives few fibres to the 
anterior joint capsule. The suprascapular, subscapular and axillary arterial branches provide 
vascular supply to it; while its innervation is supplied by the upper and lower subscapular 
nerves (C5 and 6). Its main action is medial rotation of the humerus apart from joint stability.  
 
Supraspinatus muscle: 
 
The supraspinatus muscle arises from the supraspinatus fossa (of scapula), predominantly from 
the medial two third aspect. It travels underneath the acromion and superior to the 
glenohumeral joint to insert into the superior aspect of the greater tubercle of the humerus. It 
also gives few fibres to the superior aspect of fibrous capsule. The suprascapular and dorsal 
scapular arterial branches supply the muscle; while it is innervated by the suprascapular nerve 
(C 5 and 6). Its main action is to initiate abduction of the glenohumeral joint following which 
it helps the deltoid muscle in full abduction. It also provides joint stability.  
 
Infraspinatus muscle: 
 
The infraspinatus muscle originates from the infraspinous fossa (of scapula), predominantly 
from the medial two third aspect. It travels underneath the spine of the scapula to insert in the 
greater tubercle of the humerus just inferior to the insertion of the supraspinatus muscle. The 
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suprascapular and circumflex scapular arterial branches supply it; while it is innervated by the 
suprascapular nerve (C5 and 6). Its main function is lateral rotation of the humerus apart from 
providing joint stability. Sometimes the infraspinatus muscle may be fused with the teres minor 
muscle.  
 
Teres minor muscle: 
 
The teres minor muscle originates from the upper two third dorsal aspect of lateral border of 
scapula and inserts into the lower aspect of the greater tubercle of the humerus. It also gives 
few fibres to the inferior aspect of the fibrous capsule. The circumflex scapular and posterior 
circumflex humeral arterial branches supply the muscle; while it is innervated by the axillary 
nerve (C5 and 6). Its main action is lateral rotation of the humerus. It also provides joint 
stability with other rotator cuff muscles.  
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Normal Imaging Anatomy: 
 
 
Plain radiograph of the right shoulder showing normal anatomy.  
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Normal MRI anatomy of the shoulder joint: 
Proton density images (sagittal sections) 
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Proton Density (Axial sections) 
 
 
 
 
 
 
P a g e  | 22 
 
 
 
 
 
 
 
 
P a g e  | 23 
 
 
 
 
 
 
 
 
P a g e  | 24 
 
 
 
 
 
 
 
 
P a g e  | 25 
 
 
 
 
 
Proton Density (coronal sections) 
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Normal Ultrasound Anatomy of Shoulder: 
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Evaluation of patients with rotator cuff pathology: 
 
Pain is the most common symptom of rotator cuff pathologies. It most commonly localises to 
the anterior and lateral aspect of the shoulder when rotator cuff injury is present. However, it 
is a poor indicator of the exact site of injury in the rotator cuff. (21) 
 
 
 
Figure 2. (20) 
 
 
Recommended Clinical Tests for the Evaluation of Rotator Cuff Disease. 
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Clinical tests for the diagnosis of rotator cuff tears: 
 
A systematic review is published by Hermans J, et al in which he assessed the diagnostic 
accuracy of different clinical examinations in the diagnosis of rotator cuff disease and tears. 
This is measured in terms of likelihood ratios (LR) for the presence of rotator cuff disease or 
tears. He found that positive external rotation lag test (LR of 7.2) and internal rotation lag test 
(LR of 5.6) were most accurate in the diagnosis of full thickness tears of rotator cuff. Positive 
painful arc test had a likelihood ratio of 3.7; while it was 3.3 for positive arm drop test. (20) 
 
Clinical tests. (20) 
 
 Positive clinical Test Involved muscle 
1. External rotation lag test Infraspinatus and supraspinatus 
2. Internal rotation lag test Subscapularis  
3. Painful arc test Impingement  
4. Arm drop test Supraspinatus  
Table 1:  
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Investigations: 
 
The following investigations are available for evaluation of rotator cuff disease (22): 
1. Radiography 
2. Arthrography 
3. Ultrasound 
4. CT arthrography 
5. MRI (magnetic resonance imaging) 
6. MR arthrography (MRA) 
7. Arthroscopy 
 
Radiography: 
 
Radiography is insensitive in the diagnosis of rotator cuff tears; however certain radiographic 
features may suggest presence of chronic rotator cuff tears. (23) This includes: 
1. Acromiohumeral space less than 6 mm  
2. Cranial migration of humeral head causing erosions on the inferior surface of acromion 
3. Flattening of greater tubercle of humerus 
 
Contrast arthrography: 
 
Contrast arthrography is performed to exclude the diagnosis or rotator cuff tear. The 
subacromial and subdeltoid bursa does not communicate with the rotator cuff and presence of 
contrast in this bursa is suggestive of rotator cuff tear. (19) (23) However, due to its invasive 
nature and lack of soft tissue characterisation, contrast arthrography is used less often. (23) 
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CT arthrography: 
 
CT arthrography is considered a sensitive tool for the diagnosis of rotator cuff tears. In one of 
the study done by Charousset C, et al who compared CT arthrography with arthroscopy showed 
excellent correlation between the two modalities. 259 shoulders were evaluated. The sensitivity 
and specificity of CT arthrography to diagnose supraspinatus tear was 99% and 100%, it was 
97.44% and 99.52% for infraspinatus and 64.71% and 98.17% for subscapularis tears. (24) 
With the development of newer CT scanners there has been a significant improvement in the 
sensitivity of CT arthrography to diagnose rotator cuff tears. In one of the study done by 
Callaghan JJ, et al in 1988, the sensitivity of CT arthrography for diagnosis of rotator cuff tear 
for 50% only. (25) However, the drawback of CT arthrography is its invasive nature and 
radiation exposure.  
 
Ultrasound, MRI and MR arthrography: 
 
Ultrasound of the shoulder joint for the diagnosis of rotator cuff tears is been used for at least 
over the last three decades. One of the study done by Paavolainen P, et al in 1994 showed 
sensitivity and specificity of ultrasound for the diagnosis of rotator cuff tears to be 74% and 
95% with respect to operative finding in 49 patients. (26) With the development of newer 
ultrasound machines the sensitivity of ultrasound to diagnose rotator cuff tears has improved. 
A meta-analysis published in 2011 by Smith TO, et al assessed the diagnostic accuracy of 
ultrasound in the diagnosis of rotator cuff tears. In this meta-analysis; 62 studies were included 
which had 6007 patients; and 6066 shoulders were analysed. Ultrasound showed 84% 
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sensitivity and 89% specificity in the diagnosis of partial thickness tears, while it was 96% 
sensitive and 93% specific for the diagnosis of full thickness tear. (27)  
 
In a Cochrane review (28) published in 2013 by Lenza M, et al, the diagnostic strength of 
ultrasound, MRI and MR arthrography was assessed for the diagnosis of rotator cuff tears 
among patients planned for surgery. The sensitivity and specificity of ultrasound was found to 
be 91% and 85% respectively for any rotator cuff tears among 626 cases (854 shoulders). It 
was 92% and 93% respectively for full thickness tears of rotator cuff in 386 cases (739 
shoulders) and it was 52% and 93% respectively for partial thickness tears respectively in 121 
cases (660 shoulder). 
 
The sensitivity and specificity of MRI for the diagnosis of rotator cuff tears was found to be 
98% and 79% respectively in 263 cases (347 shoulders). It was 94 % and 93% respectively for 
full thickness tears in 193 cases (368 cases); while it was 74% and 93% respectively for partial 
thickness tears. Meta-analysis of MR arthrography (MRA) studies was not done; however the 
sensitivity of MRA ranged from 72% to 100% in different studies. The review concluded that 
USG, MRI and MRA have similar diagnostic accuracy for the diagnosis of rotator cuff tears 
and may be performed similarly.  
 
Studies from India to assess the diagnostic accuracy of USG, MRI or MRA for the diagnosis 
of rotator cuff tears among Indian population are lacking. 
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Methodology: 
 
1. The study protocol was approved by the Institutional Review Board (IRB), CMC, 
Vellore. 
2. Ultrasound of the shoulder was done free of cost for the patients planned for MRI scan 
of the same shoulder joint. 
3. Study population recruitment.  
a. Inclusion criteria:  
i. Shoulder pain, both acute and chronic   
ii. Stiffness of shoulder 
iii. Restriction in activities of daily living  
iv. Trauma to shoulder  
b. Exclusion criteria:  
i. Refusal for the ultrasound study 
ii. Female subjects without a chaperone  
iii. Post-operative cases  
iv. Subjects unable to cooperate due to pain  
v. Patients presenting for evaluation of tumours / malignancies  
4. Design of data collection.  
a. Demographic data and questions related to risk factors were collected 
prospectively 
b. Available online lab investigations were checked retrospectively  
5. Reference standard. MRI for all the subjects  
6. Index or experimental test.  NA. 
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7. Personnel.  
a. Ultrasound operator:  
i. PG resident doing the thesis  
b. MRI reporting doctor: 
i. Musculoskeletal radiologist  
8. Equipment: 
a. Ultrasound machine:  
Siemens ACUSON S2000 
 
14 MHz ultrasound transducer used for the study 
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b. MRI scanner: 
Philips Achieva 3.0T MRI 
 
 
9. Timing. Efforts were made to do both the tests on the same day. 
10. Minimizing bias. The index test (ultrasound) were interpreted independently of the 
reference standard (MRI) 
11. Study protocol: 
a. MRI of the shoulder: The following sequences were acquired: 
i. Proton density weighted (PDW) axial SPAIR (fat suppressed)  
ii. T2W SPAIR coronal  
iii. T2W SPAIR sagittal  
iv. PDW coronal 
v. PDW sagittal 
vi. T1W axial  
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Ultrasound of the shoulder: 
 
- Subjects were made to sit on a rotating chair and the study was explained  
- Subjects were made to perform the routine manoeuvre like external and internal rotation 
of arm, abduction of arm and extreme internal rotation of arm such that the dorsum of 
hand touches the back of the patient needs to perform shoulder ultrasound  
- Sequence of assessment: 
o First biceps tendon was assessed with elbow at 90 degree flexion. Subject was 
made to internally and externally rotate the arm to rule out dislocation of tendon 
from the bicipital groove 
o Subscapularis was assessed with the arm in external rotation and elbow at 90 
degree flexion  
o Acromio-clavicular joint was assessed for arthritis  
o Abduction of arm done to assess for impingement  
o Supraspinatus and infraspinatus assessed after keeping the arm in internal 
rotation such that the dorsal of the hand touched the back of the subject  
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Ultrasound criteria for rotator cuff pathology (29): 
Tendinosis: 
Characterised by a heterogeneous, ill defined, hypoechoic area in the tendon with variable 
change in the calibre (enlarged / thinned) without a tendon defect  
 
Partial thickness tendon tear: 
Characterised by a well-defined hypoechoic or anechoic abnormality that disrupt the tendon 
fibres 
 Interstitial tear: does not extend to bursal or articular surface  
 Articular tear: extends to articular surface  
 Bursal tear: extends to bursal surface  
 
Full thickness tear: 
Characterised by a well-defined hypoechoic or anechoic abnormality that disrupts the 
hyperechoic tendon fibres and extend from the articular to bursal surface of the tendon.  
 
Ultrasound features of tendon tear and tendinosis: 
 
Sr. No. Tear Tendinosis 
1 Anechoic / hypoechoic Hypoechoic 
2 Relatively well defined  Ill defined  
3 Homogenous  Heterogeneous  
4 Thin Swollen  
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Subacromial and subdeltoid bursitis: 
- Normally 1-2 mm of hypoechoic layer of synovial fluid surrounded by hyperechoic 
bursal wall and peribrusal fat layer.  
- Any increase in the amount of bursal fluid and / or synovial thickening / echoic in the 
bursal fluid considered abnormal.  
 
Acromio-clavicular arthritis:  
- Capsular distension (more than 3 mm), bone irregularity, osteophyte formation, joint 
space narrowing  
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Sample size calculation: 
 
Sample size for new diagnostic tool: 
- Expected specificity of new test 80% 
- Precision of 10% 
- Alpha error 5% (confidence interval of 95%)  
- Minimum sample ~ 35 (positive cases) 
Software used for sample size calculation: nMaster 2.0  
Note: Specificity taken as 80% based on the study done by Iannotti et al which showed  that  
ultrasound has as specificity of 80% to diagnose any rotator cuff tear.(30) 
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Diagrammatic Algorithm of the study: 
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Results: 
 
 
Total Number of subjects (n): 70 
Gender: 
- Men: 55 
- Women: 15 
 
 
Figure 3:  
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Age: 
- Average age of the subjects was 39.6 years (+/- 12.6 years) 
- Average age for men was 38.3 years (+/- 12.6 years) 
- Average age for women was 44.4 years (+/- 12 years) 
 
 
Figure 4: 
 
 
Figure 5: 
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Handedness: 
- Data available for 46 subjects 
- 45 were right handed  
- 1 was left handed  
 
 
Shoulder Evaluated: 
- Right shoulder was evaluated in 45 subjects 
- Left shoulder was evaluated in 25 subjects 
 
 
Figure 6:  
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Occupation: 
- Occupation was divided into light (office / home) work or heavy (manual labour) work  
- Data available for 50 subjects: 
- 40 subjects did light work 
- 10 subjects did heavy work  
 
 
 
Figure 7:  
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Smoking: 
 
- Data available for 40 subjects 
- 15 subjects gave history of smoking  
- 25 subjects did not give any smoking history  
 
 
 
Figure 8:  
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History of Trauma: 
- Data available for all 64 subjects 
- 32 subjects gave past history of trauma, while the rest 32 subjects did not give any 
history of trauma 
 
 
Figure 9: 
 
 
Diabetes: 
 
- Data available for 63 subjects 
- 6 subjects had diabetes  
- 57 subjects did not have diabetes  
 
 
 
Figure 10:  
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Hypertension: 
- Data available for 54 subjects  
- 8 subjects were diagnosed case of hypertension  
- 46 subjects did not have any history of hypertension  
 
 
 
Figure 11: 
 
 
Serum Cholesterol: 
- Data available for 66 subjects 
- Serum cholesterol value was checked in 19 subjects 
- In 47 subjects, serum cholesterol was not assessed  
 
 
 
Figure 12: 
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Cholesterol Values: 
 
Sr. No. 
Total 
Cholesterol Triglycerides LDL HDL 
1 210 273 133 33 
2 268 213 190 36 
3 153 70 95 41 
4 143 136 99 28 
5 167 84 124 36 
6 170 163 121 30 
7 164 203 102 38 
8 158 146 112 37 
9 136 108 93 27 
10 170 177 118 32 
11 113 84 72 36 
12 200 355 124 28 
13 163 117 129 23 
15 161 83 118 35 
16 187 220 116 36 
17 163 90 121 33 
18 199 260 123 41 
19 139 76 88 47 
20 104 188 72 26 
 
Table 2:  
 
 
 
 
Figure 13: 
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Serum Vitamin D levels: 
 
- Data available for 69 subjects 
- Serum vitamin D was assessed in 18 subjects  
- 51 subjects did not have their serum vitamin levels assessed  
- Average serum vitamin D levels were 23.1 +/- 11.5 (normal >/= 30) 
- Of the 18 subjects, 3 subjects had normal vitamin D levels; while the remaining 15 
subjects had low serum vitamin D levels  
 
 
 
 
Figure 14:  
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Biceps: 
Tendinopathic Changes: 
 
 Tendinopathic changes in the biceps tendon 
   MRI   
 
  
Tendinopathic 
changes 
Normal  
  
USG Tendinopathic changes 2 3 5  
 Normal  6 56 62  
  8 59 67  
      
 Sensitivity 2/5 40.00%   
 Specificity 56/62 90.32%   
 PPV 2/8 25.00%   
 NPV 56/59 94.92%   
 Accuracy 58/67 86.57%   
 
 
 
 
  Evaluation on MRI 
  Tendinopathic changes in the Biceps muscles 
Sr. 
No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.014 Significant 
2 
Age (</= 45 years and > 45 
years)   0.006  Significant 
3 Handedness   0.864   
4 Occupation   0.441   
5 Smoking   0.595   
6 Trauma   0.391   
7 Diabetes   0.173   
8 Hypertension    0.040  Significant 
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9 
Total Cholesterol (normal <150 
mg/dL)   0.326   
10 
Triglycerides (normal <160 
mg/dL)   0.588   
11 LDL (normal <100 mg/dL)   0.222   
12 HDL (> 40 mg/dL)   0.314   
13 Vit. D (normal > 30 ng/ml)   0.314   
 
Table 3: 
 
 
 
 
Fluid along the biceps tendon: 
 
 
 Fluid along biceps tendon 
   MRI   
   Fluid Normal    
USG Fluid    25 8 33  
 Normal  24 12 36  
  49 20 69  
      
 Sensitivity 25/33 75.76%   
 Specificity 12/36 33.33%   
 PPV 25/49 51.02%   
 NPV 12/20 60.00%   
 Accuracy 37/69 53.62%   
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  Evaluation on MRI 
  Fluid along the biceps tendon  
Sr. No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.620   
2 
Age (</= 45 years and > 45 
years)   0.259   
3 Handedness 0.548     
4 Occupation   0.236   
5 Smoking   0.613   
6 Trauma 0.157     
7 Diabetes   0.138   
8 Hypertension    0.281   
9 
Total Cholesterol (normal 
<150 mg/dL)   0.227   
10 
Triglycerides (normal <160 
mg/dL)   0.542   
11 LDL (normal <100 mg/dL)   0.319   
12 HDL (> 40 mg/dL)   0.578   
13 Vit. D (normal > 30 ng/ml)   0.490   
 
Table 4: 
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Dislocation of Biceps Tendon: 
 
 
 
 Dislocated biceps tendon 
   MRI   
   Dislocation Normal    
USG Dislocation 1 2 3  
 Normal  3 62 65  
  4 64 68  
      
 Sensitivity 1/3 33.33%   
 Specificity 62/65 95.38%   
 PPV 1/4 25.00%   
 NPV 62/64 96.88%   
 Accuracy 63/68 92.65%   
 
 
 
  Evaluation on MRI 
  Dislocation of the Biceps tendon 
Sr. No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.062   
2 
Age (</= 45 years and > 45 
years)   0.544   
3 Handedness   0.913   
4 Occupation   0.504   
5 Smoking   0.615   
6 Trauma   0.500  
7 Diabetes   0.596   
8 Hypertension    0.516   
9 
Total Cholesterol (normal 
<150 mg/dL)   0.632   
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10 
Triglycerides (normal <160 
mg/dL)   0.474   
11 LDL (normal <100 mg/dL)   0.700   
12 HDL (> 40 mg/dL)   0.158   
13 Vit. D (normal > 30 ng/ml)   0.784   
 
Table 5:  
 
 
 
 
Subscapularis Tendon: 
 
Tendinopathic Changes in the Subscapularis Tendon: 
 
 
 
 Tendinopathic Changes in the Subscapularis Tendon: 
   MRI   
 
  
Tendinopathic 
Changes 
Normal  
  
USG Tendinopathic Changes 11 8 19  
 Normal  13 38 51  
  24 46 70  
      
 Sensitivity 11/19 58%   
 Specificity 38/51 74.51%   
 PPV 11/24 46%   
 NPV 38/46 82.61%   
 Accuracy 49/70 70%   
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  Evaluation on MRI 
  Tendinopathic changes in the subscapularis tendon 
Sr. No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender 0.599     
2 
Age (</= 45 years and > 45 
years) 0.108     
3 Handedness   0.348   
4 Occupation   0.012  Significant 
5 Smoking 0.433     
6 Trauma 0.790     
7 Diabetes   0.105   
8 Hypertension    0.012  Significant 
9 
Total Cholesterol (normal 
<150 mg/dL)   0.663   
10 
Triglycerides (normal <160 
mg/dL)   0.255   
11 LDL (normal <100 mg/dL)   0.574   
12 HDL (> 40 mg/dL)   0.058   
13 Vit. D (normal > 30 ng/ml)   0.641   
 
Table 6:  
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Partial Thickness Tear of Subscapularis: 
 
 Partial Thickness Tear of the Subscapularis Tendon: 
   MRI   
 
  
Partial 
Thickness 
Tear 
Normal  
  
USG Partial Thickness Tear 3 5 8  
 Normal  10 52 62  
  13 57 70  
      
 Sensitivity 41854 38%   
 Specificity 52/62 83.87%   
 PPV 41334 23%   
 NPV 52/57 91.23%   
 Accuracy 55/70 78.50%   
      
 
 
 
  Evaluation on MRI 
  Tear in the subscapularis tendon 
Sr. No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender 0.872     
2 
Age (</= 45 years and > 45 
years)   0.448   
3 Handedness   0.152   
4 Occupation   0.188   
5 Smoking   0.467   
6 Trauma   0.500   
7 Diabetes   0.720   
8 Hypertension    0.086   
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9 
Total Cholesterol (normal 
<150 mg/dL)   0.704   
10 
Triglycerides (normal <160 
mg/dL)   0.087   
11 LDL (normal <100 mg/dL)   0.681   
12 HDL (> 40 mg/dL)   0.578   
13 Vit. D (normal > 30 ng/ml)   0.510   
 
Table 7:  
 
 
 
 
 
Supraspinatus Tendon: 
 
Tendinopathic Changes: 
 
 Tendinopathic Changes in the Supraspinatus Tendon 
   MRI   
   
Tendinopathic 
Changes Normal    
USG Tendinopathic Changes    35 13 48  
 Normal  7 12 19  
  42 24 67  
      
 Sensitivity 35/48 73%   
 Specificity 12/19 63.16%   
 PPV 35/42 83%   
 NPV 12/24 50.00%   
 Accuracy 47/67 70.10%   
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  Evaluation on MRI 
  Tendinopathic changes in the supraspinatus tendon  
Sr. No. Variable  Test Value   
Significanc
e 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.128   
2 
Age (</= 45 years and > 45 
years)   0.001  Significant 
3 Handedness   0.391   
4 Occupation   0.421   
5 Smoking   0.207   
6 Trauma 0.606     
7 Diabetes   0.309   
8 Hypertension    0.013  Significant 
9 
Total Cholesterol (normal 
<150 mg/dL)   0.704   
10 
Triglycerides (normal <160 
mg/dL)   0.542   
11 LDL (normal <100 mg/dL)   0.681   
12 HDL (> 40 mg/dL)   0.578   
13 Vit. D (normal > 30 ng/ml)   0.595   
 
Table 8: 
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Any Tear of the Supraspinatus Tendon: 
 
 Tear in the Supraspinatus Tendon 
   MRI  
   Tear Normal   
USG Tear    31 6 37 
 Normal  4 26 33 
  35 35 70 
     
 Sensitivity 31/37 84%  
 Specificity 26/33 78.79%  
 PPV 31/35 89%  
 NPV 26/35 74.29%  
 Accuracy 57/70 81.43%  
     
 
 
 
  Evaluation on MRI 
  Tear in the supraspinatus tendon 
Sr. No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender 0.382     
2 
Age (</= 45 years and > 45 
years)   0.001  Significant 
3 Handedness   0.565   
4 Occupation   0.310   
5 Smoking 0.412     
6 Trauma 0.802     
7 Diabetes   0.091   
8 Hypertension    0.000  Significant 
9 
Total Cholesterol (normal 
<150 mg/dL)   0.474   
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10 
Triglycerides (normal <160 
mg/dL)   0.430   
11 LDL (normal <100 mg/dL)   0.664   
12 HDL (> 40 mg/dL)   0.296   
13 Vit. D (normal > 30 ng/ml)   0.431   
 
Table 9:  
 
 
 
 
 
 
 
Complete Vs Partial Tear of the Supraspinatus Tendon: 
 
 Type of Tear of the Supraspinatus Tendon 
   MRI  
   
Complete 
Tear 
Partial 
Tear  
USG Complete Tear 5 1 6 
 Partial Tear 7 18 25 
  12 19 31 
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  Evaluation on MRI 
  Type of tear of the supraspinatus Tendon 
Sr. No. Variable  Test Value   Significance 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.177   
2 
Age (</= 45 years and > 45 
years)   0.102   
3 Handedness       
4 Occupation   0.603   
5 Smoking   0.120   
6 Trauma   0.602   
7 Diabetes   0.658   
8 Hypertension    0.367   
9 
Total Cholesterol (normal 
<150 mg/dL)   0.311   
10 
Triglycerides (normal <160 
mg/dL)   0.689   
11 LDL (normal <100 mg/dL)   0.217   
12 HDL (> 40 mg/dL)   0.417   
13 Vit. D (normal > 30 ng/ml)   0.227   
 
Table 10: 
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Infraspinatus Tendon: 
 
Tendinopathic changes: 
 
 Tendinopathic Changes in the Infraspinatus Tendon 
   MRI   
   
Tendinopathic 
Changes Normal    
USG Tendinopathic Changes    4 7 11  
 Normal  11 45 56  
  15 52 67  
      
 Sensitivity 4/11 36%   
 Specificity 45/56 80.36%   
 PPV 4/15 27%   
 NPV 45/52 86.54%   
 Accuracy 49/67 73.13%   
      
 
 
 
  Evaluation on MRI 
  Tendinopathic changes in the infraspinatus tendon 
Sr. No. Variable  Test Value   
Significanc
e 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.582   
2 
Age (</= 45 years and > 45 
years) 0.020     
3 Handedness   0.739   
4 Occupation   0.179   
5 Smoking   0.157   
6 Trauma 0.564     
7 Diabetes   0.519   
8 Hypertension    0.109   
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9 
Total Cholesterol (normal 
<150 mg/dL)   0.366   
10 
Triglycerides (normal <160 
mg/dL)   0.119   
11 LDL (normal <100 mg/dL)   0.387   
12 HDL (> 40 mg/dL)   0.155   
13 Vit. D (normal > 30 ng/ml)   0.595   
 
Table 11: 
 
 
 
 
 
 
Tear of the Infraspinatus Tendon: 
 
 
 
 Tear of the Infraspinatus Tendon 
   MRI   
   Tear Normal    
USG Tear    4 3 7  
 Normal  4 59 63  
  8 62 70  
      
 Sensitivity 4/7 57%   
 Specificity 59/63 93.65%   
 PPV 4/8 50%   
 NPV 59/62 95.16%   
 Accuracy 63/70 90.00%   
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  Evaluation on MRI 
  Type of tear of the infraspinatus tendon 
Sr. No. Variable  Test Value   
Significanc
e 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.451   
2 
Age (</= 45 years and > 45 
years)   0.075   
3 Handedness   0.913   
4 Occupation   0.258   
5 Smoking   0.264   
6 Trauma   0.336   
7 Diabetes   0.478   
8 Hypertension    0.154   
9 
Total Cholesterol (normal 
<150 mg/dL)   0.386   
10 
Triglycerides (normal <160 
mg/dL)   0.211   
11 LDL (normal <100 mg/dL)   0.319   
12 HDL (> 40 mg/dL)   0.702   
13 Vit. D (normal > 30 ng/ml)   0.784   
 
Table 12:  
 
 
 
 
 
 
 
 
 
 
 
 
 
P a g e  | 74 
 
Any Tendon tear (including tendinopathic changes and any tears): 
 
 
  Presence of any tear  
  MRI   
  Any tear Normal  
USG 
Any 
tear 38 14 52 
 Normal 18 137 155 
  56 151 207 
     
  Sensitivity 38/52 73.08% 
  Specificity 137/155 88.39% 
  Positive predictive value 38/56 67.86% 
  Negative predictive value 137/151 90.73% 
  Accuracy 175/207 84.54% 
  
 
   
     
     
Subacromial and Subdeltoid Bursitis: 
 
 
 Subacromial Subdeltoid Bursitis  
   MRI  
   Bursitis  Normal   
USG Bursitis  39 9 48 
 Normal  12 9 21 
  51 18 69 
     
 Sensitivity 39/48 81%  
 Specificity 9/21 42.86%  
 PPV 39/51 76%  
 NPV 9/18 50.00%  
 Accuracy 48/69 69.57%  
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  Evaluation on MRI 
  Subacromial subdeltoid bursitis 
Sr. No. Variable  Test Value   
Significanc
e 
    
Pearson Chi-Square 
Test 
Fisher's Exact 
Test   
1 Gender   0.065   
2 
Age (</= 45 years and > 45 
years)   0.004  Significant 
3 Handedness   0.804   
4 Occupation   0.382   
5 Smoking   0.387   
6 Trauma   0.044  Significant 
7 Diabetes   0.599   
8 Hypertension    0.113   
9 
Total Cholesterol (normal 
<150 mg/dL)   0.632   
10 
Triglycerides (normal <160 
mg/dL)   0.526   
11 LDL (normal <100 mg/dL)   0.700   
12 HDL (> 40 mg/dL)   0.842   
13 Vit. D (normal > 30 ng/ml)   0.686   
 
Table 13: 
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Acromio-Clavicular Joint Arthritis: 
 
  
Acromio-clavicular joint arthritis 
 
  MRI   
  Arthritis Normal  
USG Arthritis 45 12 57 
 Normal  3 7 10 
  48 19 67 
     
  Sensitivity 45/57 78.95% 
  Specificity 7/10 70.00% 
  PPV 45/48 93.75% 
  NPV 7/19 36.84% 
  Accuracy 52/67 77.61% 
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Imaging Pathology: 
 
Biceps tendon: 
1. Dislocation: 
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2. Fluid along the biceps tendon sheath: 
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3. Tendinopathic changes in the biceps tendon 
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Supraspinatus tendon: 
1. Tendinopathic changes in the supraspinatus tendon: 
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2. Interstitial tear of the supraspinatus tendon 
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3. Partial thickness tear of the supraspinatus: 
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4. Full thickness tear of the supraspinatus tendon: 
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5. Supraspinatus calcific tendinosis: 
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Infraspinatus tendon: 
1. Tendinopathic changes in the infraspinatus: 
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2. Full thickness tear in the infraspinatus: 
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Subscapularis: 
1. Tendinopathic changes in the subscapularis tendon: 
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2. Full thickness tear of the subscapularis:  
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Subacromion and subdeltoid bursitis: 
1. Subacromion and subdeltoid bursitis: 
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2. Sever subacromial and subdeltoid bursitis: 
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Discussion: 
 
A total of 70 subjects were enrolled in this study who had both MRI and ultrasound of their 
shoulder joint. Subjects were assessed for rotator cuff abnormalities. 55 were men and 15 were 
women. The average age of the subjects was 39 (+/- 12.6) years and it was 38.3 (+/- 12.6) years 
and 44.4 (+/- 12) years for men and women respectively.  
 
Right shoulder was evaluated in 45 subjects and left shoulder was evaluated in 25 subjects. 
Data relating to occupation, history of smoking and trauma, presence of diabetes, hypertension, 
serum cholesterol (which includes total cholesterol, triglycerides, LDL and HDL) and serum 
vitamin D levels, if available in the hospital information system were documented. Any 
association between these factors and rotator cuff tear was assessed.   
 
Biceps: 
1. Tendinopathic changes: 
o Ultrasound had a high negative predictive value (94.92%) and relatively high 
accuracy (86.57) for the diagnosis of tendinopathic changes in the biceps 
tendon. 
o Ultrasound was not very sensitive to diagnose tendinopathic changes in the 
biceps tendon (40% sensitive); however it was specific (90.32%). 
o There was significant association between gender, age and presence of 
hypertension for the presence of tendinopathic changes in the biceps tendon.  
2. Fluid along the biceps tendon: 
o Ultrasound was fairly sensitive for the diagnosis of fluid along the biceps tendon 
(75.76%) sensitivity; however it was not be specific (33.33%). 
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o Positive and negative predictive values were 51.02% and 60% respectively with 
the accuracy been 53.62%. 
o No variable was significantly associated with fluid along the biceps tendon.  
3. Dislocation of the biceps tendon: 
o Ultrasound was not sensitive for the diagnosis of biceps tendon dislocation 
(33.33% sensitivity); but had high specificity (95.38%).  
o Positive and negative predictive values were 25% and 96.88% respectively with 
the accuracy been 92.65%. 
o No variable was significantly associated with dislocation of the biceps tendon. 
 
Subscapularis Tendon: 
1. Tendinopathic changes: 
a. Ultrasound had a good negative predictive value (82.61%) with a weak positive 
predictive value (46%) for the diagnosis of tendinopathic changes in the 
subscapularis tendon.  
b. Ultrasound was not very sensitive for the diagnosis for tendinopathic changes 
in the subscapularis tendon (sensitivity 58%); but it was moderately specific 
(74.51%). 
c. Accuracy of ultrasound was 70% for the diagnosis of tendinopathic changes in 
the subscapularis tendon.  
d. Occupation and presence of hypertension has a significant associated for the 
presence of tendinopathic changes in the subscapularis tendon.  
2. Partial thickness tear of the subscapularis tendon: 
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a. Ultrasound has a good specificity and negative predictive value (83.87% and 
91.23% respectively) for the diagnosis of partial thickness tear of subscapularis 
tendon with a good diagnostic accuracy (78.5%).  
b. Ultrasound had poor sensitivity and positive predictive value (at 38% and 23% 
respectively) for the diagnosis of partial thickness tear of subscapularis tendon. 
c. No variable showed significant association with partial thickness tear of the 
subscapularis tendon.  
 
Supraspinatus Tendon: 
1. Tendinopathic changes: 
a. Ultrasound had a good positive predictive value (83%) but a weak negative 
predictive value (50%) with diagnostic accuracy of 70.10%.  
b. Ultrasound had moderate sensitivity and specificity (73% and 63.16% 
respectively) for the diagnosis of tendinopathic changes in the supraspinatus 
tendon.  
c. Age and presence of hypertension had significant association with 
tendinopathic changes of the supraspinatus tendon.  
2. Any tear of the supraspinatus tendon: 
a. Ultrasound has a good sensitivity and specificity (84% and 78.79% 
respectively) for the diagnosis of any tear of the supraspinatus tendon.  
b. It also has a good positive predictive value (89%), negative predictive value 
been 74.29% with diagnostic accuracy of 81.43%.  
c. There was significant association of age and presence of hypertension for the 
diagnosis of any supraspinatus tendon tear. 
3. Partial thickness Vs full thickness supraspinatus tendon tear: 
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a. Ultrasound was good at diagnosing partial thickness tear (diagnosing 18 out of 
19 such tear). It miss diagnosed one partial thickness tear as full thickness tear.  
b. Ultrasound diagnosed only 5 full thickness tear out of 12 such tears. It miss 
diagnosed the remaining 7 full thickness tears as partial thickness tear. 
 
Infraspinatus Tendon: 
1. Tendinopathic changes: 
a. Ultrasound had a high specificity and negative predictive value (80.36% and 
86.54% respectively) for the diagnosis of tendinopathic changes in the 
infraspinatus tendon. 
b. It had a poor sensitivity and positive predictive value (36% and 27% 
respectively) 
c. No variable showed significant association for the presence of tendinopathic 
changes in the infraspinatus tendon.  
2. Tear in the infraspinatus tendon: 
a. Ultrasound showed good specificity and negative predictively value for the 
diagnoses of infraspinatus tendon tears (93.65% and 95.16% respectively) and 
a good diagnostic accuracy (90%).  
b. It has a weak sensitivity and positive predictive value (57% and 50%) 
respectively.  
c. There was no significant associated between different variables and presence of 
infraspinatus tendon tear.  
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Diagnosis of any tendon tear of subscapularis, supraspinatus and infraspinatus tendons: 
1. Ultrasound had a fairly good sensitivity (73.08%) and specificity (88.39%) for the 
diagnosis of any tendon tear of the rotator cuff group of muscles. 
2. Ultrasound had a good negative predictive value (90.73%) but moderate positive 
predictive value (67.86%).  
3. Diagnostic accuracy of ultrasound was 84.54% for the diagnosis of any tendon tear.  
 
Subacromial and Subdeltoid Bursitis: 
1. Ultrasound had a good sensitivity (81%) and positive predictive value (76%) for the 
diagnosis of subacromial and subdeltoid bursitis.  
2. Ultrasound has weak negative predictive value (50%) and a poor specificity (42.86%); 
while the diagnostic accuracy was 69.57% for the diagnosis of subacromial and 
subdeltoid bursitis.  
3. There was significant association between age of the subjects and past history of trauma 
with the presence of subacromial and subdeltoid bursitis.   
 
Acromio-Clavicular Joint Arthritis: 
1. Ultrasound had a good sensitivity (78.95%) and moderate specificity (70%). 
2. It had a good positive predictive value (93.75%) but poor negative predictive value 
(36.84%) 
3. Diagnostic accuracy was 77.61%.  
 
While previous studies had shown significant association between age (1)(2), hypertension 
(12), male gender, dominant arm, occupation (2), trauma (7)(8) and diabetes (17) with the 
presence of rotator cuff tear; our study showed significant association between presence of 
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tendinopathic changes in the biceps tendon and gender, age and hypertension. Occupation and 
hypertension were significantly associated with presence of tendinopathic changes in the 
subscapularis tendon. While age and hypertension had significant association with 
tendinopathic changes and presence of any tear in the supraspinatus tendon. No significant 
association was found between dominant arm, occupation, past trauma and presence of diabetes 
with the presence of rotator cuff tear. This may partly be related to smaller sample size. Trauma 
showed significant association with presence of only subacromial and subdeltoid bursitis in 
this study.  
 
Although many studies have previously assessed sensitivity and specificity of ultrasound for 
the diagnosis of rotator cuff tear; the results have been mixed (Table: 14). This can partly be 
attributed to operator experience for performing shoulder ultrasound. Our studies shows a 
sensitivity of 73% and specificity of 88% for the diagnosis of any rotator cuff tears. The 
sensitivity is slightly lower than many of the other reported literature; however the specificity 
is better compared to those reported in the published literature. 
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Sensitivity and specificity of ultrasound to diagnose rotator cuff tears in few 
of the previously published studies: 
 
 
 
Sr. No. 
 
Study 
 
Sensitivity 
 
Specificity 
 
Reference 
1 Misamore 1991 33.00% 60.00%  (31) 
4 Nicoletti 1994 81.00% 80.00%  (32) 
2 Martin-Hervas 2001 71.00% 67.00%  (33) 
3 Wallny 2001 74.00% 82.00%  (34) 
5 De Candia 2002 91.00% 100.00%  (35) 
6 Teefey 2004 97.00% 67.00%  (36) 
7 Iannotti 2005 96.00% 80.00%  (37) 
 8 Sipola 2010 92.00% 45.00%  (38) 
     
 Our Study 2014 73.00% 88.00%  
 
Table 14:  
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Conclusions: 
 
1. Ultrasound has a good sensitivity (84%) and specificity (78.79%) for the diagnosis of 
any tear of the supraspinatus tendon. This is particularly important since supraspinatus 
tendon is the most commonly affected tendon among the rotator cuff group.  
 
2. For the diagnosis of any rotator cuff tear; ultrasound showed a moderately good 
sensitivity (73.08%) and good specificity (88.39%). 
 
3. Age and hypertension had a significant association with the presence of tendinopathic 
changes or presence of any tear in the supraspinatus tendon. 
 
4. Ultrasound had a good sensitivity (81%) but poor specificity (42.86%) for the diagnosis 
of subacromial and subdeltoid bursitis. Age and history of trauma showed significant 
association with the presence of subacromial and subdeltoid bursitis.  
 
5. Ultrasound had a fairly good sensitivity (78.95%) and specificity (70%) for the presence 
of acromio-clavicular joint arthritis.  
 
Overall, ultrasound is a fairly good screening modality for the diagnosis of rotator cuff 
abnormalities, diagnosis of subacromion-subdeltoid bursitis and acromio-clavicular joint 
arthritis.  
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Limitations: 
 
1. Our study involved a relatively small sample size of 70 subjects.  
2. Ultrasound operator had newly acquired skill of performing shoulder ultrasound and 
therefore operator experience was inadequate.  
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Annexure 1: Data collection sheet 
 
 
Data collection sheet: 
 
Sr. No.  
 
Name:    -  
Hospital No:   -  
Gender:   -   0. Male, 1. Female  
Age:    -  
Handedness:   -   0. Left, 1. Right 
Occupation:   -   0. Manual (lifts heavy objects), 1. Office (light)  
Smoking:   -  0. Yes, if yes, number of pack years, 1. No 
 
History of trauma: 
- Mode   -   0. At work, 1. Sports, 2. RTA, 3. Others  
- Onset of symptoms -  0. Before, 1. Within 1 week, 2. After 1 week 
 
History of treatment: 
- Medications  -   0. Yes, 1. No 
- Physiotherapy  -   0. Yes, 1. No 
- Joint injection  -   0. Yes, 1. No 
- Operation  -   0. Yes, 1. No 
 
Medical history / records: 
- Diabetes  -   0. Yes, 1. No 
- Hypertension  -   0. Yes, 1. No 
- Hypercholesterolemia -   0. Yes, 1. No 
- Vitamin D level -  0. Low, 1. Normal ( ) 
- On any medications -  
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--------------------------------------------------------------------------------------------------------------- 
Ultrasound findings: 
Biceps tendon: 
- Morphology  -   0. Normal, 1. Bulky, 2. Not visualized  
- Fluid along sheath -  0. Yes, 1. No 
- Dislocation  -   0.Yes, 1.No, if yes 2.During movement, 3. Partial, 4.Complete 
 
Subscapularis: 
- Morphology  -   0. Normal, 1. Bulky 
- Tear   -  0. Yes, 1. No 
- Type of tear  -   0. Complete, 1. Partial 
- Partial tear  -   0. Along the fibres, 1. Perpendicular  
- Dimensions of tears: 
o Horizontal - 
o Vertical - 
o Ant-posterior -  
- Retraction of tendon -  
 
Supraspinatus: 
- Morphology  -   0. Normal, 1. Bulky 
- Tear   -  0. Yes, 1. No 
- Type of tear  -   0. Complete, 1. Partial 
- Partial tear  -   0. Articular side, 1. Bursal side, 2. Rim rent, 3. Interstitial  
- Dimensions of tears: 
o Horizontal - 
o Vertical - 
o Ant-posterior -  
- Retraction of tendon -  
- Impingement on dynamic movement - 0. Yes, 1. No 
 
Infraspinatus:  
- Morphology  -   0. Normal, 1. Bulky 
- Tear   -  0. Yes, 1. No 
- Type of tear  -   0. Complete, 1. Partial 
- Partial tear  -   0. Articular side, 1. Bursal side, 2. Rim rent, 3. Interstitial  
- Dimensions of tears: 
o Horizontal - 
o Vertical - 
o Ant-posterior -  
- Retraction of tendon -  
 
Subacromial subdeltoid bursa: 
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- Fluid present  -   0. Yes, 1. No 
- Synovial thickening -   0. Yes. 1. No 
 
Rotator cuff interval: 
- Fluid present  -  0. Yes, 1. No 
 
Posterior labrum: 
- Visualized  -  0. Yes, 1. No 
- Morphology  -   0. Normal, 1. Irregular  
 
Head of humerus: 
- Surface  -  0. Smooth, 1. Irregular 
- Cyst   -   0. Present, 1. Absent  
 
Glenohumeral joint fluid -  0. Present, 1. Absent 
AC joint arthrosis  -  0. Present, 1. Absent  
 
 
--------------------------------------------------------------------------------------------------------------- 
 
 
MRI findings: 
Biceps tendon: 
- Morphology  -   0. Normal, 1. Bulky, 2. Not visualized  
- Fluid along sheath -  0. Yes, 1. No 
- Dislocation  -   0.Yes, 1.No, if yes 3. Partial, 4.Complete 
 
Subscapularis: 
- Morphology  -   0. Normal, 1. Bulky 
- Tear   -  0. Yes, 1. No 
- Type of tear  -   0. Complete, 1. Partial 
- Partial tear  -   0. Along the fibres, 1. Perpendicular  
- Dimensions of tears: 
o Horizontal - 
o Vertical - 
o Ant-posterior -  
- Retraction of tendon -  
 
Supraspinatus: 
- Morphology  -   0. Normal, 1. Bulky 
- Tear   -  0. Yes, 1. No 
- Type of tear  -   0. Complete, 1. Partial 
- Partial tear  -   0. Articular side, 1. Bursal side, 2. Rim rent, 3. Interstitial  
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- Dimensions of tears: 
o Horizontal - 
o Vertical - 
o Ant-posterior -  
- Retraction of tendon -  
 
Infraspinatus:  
- Morphology  -   0. Normal, 1. Bulky 
- Tear   -  0. Yes, 1. No 
- Type of tear  -   0. Complete, 1. Partial 
- Partial tear  -   0. Articular side, 1. Bursal side, 2. Rim rent, 3. Interstitial  
- Dimensions of tears: 
o Horizontal - 
o Vertical - 
o Ant-posterior -  
- Retraction of tendon -  
 
Subacromial subdeltoid bursa: 
- Fluid present  -   0. Yes, 1. No 
- Synovial thickening -   0. Yes. 1. No 
 
Rotator cuff interval: 
- Fluid present  -  0. Yes, 1. No 
 
Posterior labrum: 
- Visualized  -  0. Yes, 1. No 
- Morphology  -   0. Normal, 1. Irregular  
- Labral tear  -   0. Yes, 1. No 
- Type of tear  -  
 
Head of humerus: 
- Surface  -  0. Smooth, 1. Irregular 
- Cyst   -   0. Present, 1. Absent  
 
Glenohumeral joint fluid -  0. Present, 1. Absent 
AC joint arthrosis  -  0. Present, 1. Absent  
Joint capsule   -   0. Normal, 1. Thickened  
Any other pathology  -   
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Annexure 2: Consent form and data collection sheet in English 
 
To assess the diagnostic accuracy of ultrasound for the detection of rotator cuff 
tear with respect to Magnetic Resonance Imaging (MRI) scan 
 
PATIENT’S INFORMATION SHEET 
 
Welcome to the Department of Radiodiagnosis at Christian Medical College, Vellore. Your doctor has 
referred you to our department to find out the cause of your shoulder problem / pain. You will be shortly 
undergoing MRI scan which will help us to find out the cause of your problem. 
 
Presently we are doing a study in our department in which we are doing ultrasound scan for all the 
patients who are coming to us for MRI scan of their shoulder. By doing the ultrasound of shoulder we 
are trying to find the cause of your problem and comparing the findings with your MRI scan. We may 
also be able to find out additional problems as you cannot move your arm during the MRI scan; while 
you will be asked to move your arm during the ultrasound study and tell us where you have pain. 
 
What is rotator cuff tear? 
Our shoulder has four important muscle which form the rotator cuff. These muscles help to keep the 
joint in place. Because of trauma or advanced age there can damage to these muscles that can cause 
pain. In this study we will try to find if there is any damage to your muscles of shoulder joint. 
 
 If you take part in this study what will you have to do? 
Patients who take part in this study will have to under ultrasound scan of their shoulder joint. During 
this time they will be asked to move their arm.  
 
Is there any risk? 
There is no risk to the patients involved in this study. 
 
Will I have to pay for investigation? 
Patients will not be charged for this investigation. 
 
What advantage will you get from Study? 
We will assess your shoulder when you move your arm. This might help us to find additional cause for 
you pain.  
 
Will your personal details be kept confidential? 
The results of this study will be published in a medical journal but you will not be identified by name 
in any publication or presentation of results. However, your medical notes may be reviewed by people 
associated with the study, without your additional permission. 
 
Can you withdraw from this study after it starts? 
Participation in this study is all voluntary; patient can withdraw from the study at any time. Refusal to 
participate will not involve any loss of benefits to which subject is otherwise entitled. 
 
If you have any further questions, please ask Dr. Harshad Arvind Vanjare (04162283016) or 
email: harshadcmc2002@gmail.com 
 
P a g e  | 114 
 
Informed Consent form 
Study Title: To assess the diagnostic accuracy of ultrasound for the detection of rotator cuff tear with 
respect to Magnetic Resonance Imaging (MRI) scan 
 
Study Number: 
 
Subject’s Initials: _________ Subject’s Name: _____________________________________ 
Date of Birth / Age:_______ 
 
I_________________________________, son /daughter of  _____________________________ 
Declare that I have read/been read to the information sheet provided to me regarding this study and 
have clarified any doubts that I had. [  ] 
(Please tick boxes) 
I also understand that my participation in this study is entirely voluntary and that I am free to withdraw 
permission to continue to participate at any time without affecting my usual treatment or my legal rights 
[    ]  
 
 I understand that the investigators of this study, the Ethics Committee and the regulatory authorities will 
not need my permission to look at my health records both in respect of the current study and any further 
research that may be conducted in relation to it, even if I withdraw from the trial. I agree to this access. 
However, I understand that my identity will not be revealed in any information released to third parties 
or published. [    ] 
 
I agree not to restrict the use of any data or results that arise from this study provided such a use is only 
for scientific purpose(s) [    ] 
 
I agree to take part in the above study. [    ] 
 
 
Signature (or Thumb impression) of the Subject/Legally Acceptable Representative:_____________ 
 
Date: _____/_____/______ 
 
Signatory’s Name: _________________________________ 
 
 
Signature of the Investigator: ________________________Date: _____/_____/______ 
 
Study Investigator’s Name: _________________________ 
 
Signature of the Witness: ___________________________ Date:_____/_____/_______ 
 
Name of the Witness: _______________________ 
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Annexure 3: Consent form and data collection sheet in Hindi 
 
कंधे के रोटेटो कफ के नुकसान की अल्ट्रसाउंड से जााँच, और ऊसकी आम. अरर. आई स्कॅन 
के साथ तुलना 
 
रोगी जानकारी शीट 
 
हम आप का क्रिस्चियन मडेिकल कॉलेज, वेल्लॉर रेिाइयालजी डिपार्टमेंर् मे चवागत करत ेहै। आप के 
कंधे के प्राब्लम की जााँि के ललये आपके िॉक्र्र ने आपको यहा भेजा है। थोड ेही वक्त मे आपके कंधे 
का आम. अरट. आई चकॅन होगा। इस से आप के प्राब्लम को जानने मे हमे साहयता लमलेगा। 
 
हम अपने डिपार्टमेंर् मे अधायन कर रहे है उन मरीजोपे जो हमारे पास अपने कंधे का आम. अरट. आई 
कराने आत ेहै। उन मरीजो मे हम अल्रसाउंि स ेजााँि करेंगे। इस अधायनके दवारा हम आप के कंधे 
के तकलीफ का कारण जानना िाहत ेहै और इस का आम. अरट. आई. चकॅन के साथ तुलना करना 
िाहत ेहै. 
 
हो सकता है की हम एम.आर.आइ से अधधक जानकारी प्रपात कर सके क्योकी एम.आर.आइ चकॅन मे 
अपना हाथ नहीं हहला सकत ेहै, जबक्रक अल्रसनूोग्राफी के दॉवराण आप को अपन ्हाथ हहला कर बताना 
होगा की आप को ददट कहा है। 
 
रोटेटॉर कफ टटयर क्या ?  
हमारे कंधे मे िार मासपलिया होती है जो लमल कर रोरे्र्ॉर कफ बनााती है। यह मासपलिया हमारे 
जोड को ऊसकी सही स्चतधथ मे रखती है। क्रकसी प्रकार के िोर् या अधधक उम्र के कारण इन मासपेलियोंको 
नकुसान हो सकता है। हम इस अध्यनमे कंधे की इन मासपेलियोंमे क्रकसी भी प्रकार के नकुसान को 
जानाने की कोलिि करेंग।े 
 
इस अध्यन मे भाग लेने के लीये आप को क्या करना ?ोगा  
जो मरीज इस अध्यन मे भाग लेंग ेउनके कंधे का अल्रसनूोग्राफी क्रकया जायेगा।  इसके दावरान उनको 
अपना हाथ हहलानेको कहा जायेगा।   
 
क्या इससे ककसी प्रकार का खतरा ?  
इससे मरीजो को क्रकसी भी प्रकार का खतरा नहीं है। 
 
क्या मझुे इस जाच के लीये पयसे देने ?ोंगे  
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मरीजो को इस जाि केलीये कोई पसैा नहीं देना होगा। 
 
आपको इस अध्यन से क्या लाभ ?ोगा  
आप इस के दोरान अपना कंधा हीला सकत े है, इस से हम े अधधक जानकारी लमल सकत े है।  
 
क्या आपका व्यागततगत वििरण गोपनीया रखा जायेगा  
इस अध्यन से लमल ेपररणाम को क्रकसी भी जनटल मे प्रकालित क्रकया जायेगा, पर आपका नाम क्रकसी 
भी जगह पर नहीं ललया जायेगा। परंत,ु आपके धिक्रकत्साल्य के ररकॉिट की समीक्षा हो सकत ेहै उन 
लोगो के दवारा जो इस अध्यन से जुड ेहै, और ये आपकी जानकारी के बेगार हो सख्ता है। 
 
क्या आप इस अध्यन से अपना नाम िापस ले सकत े?  
इस अध्यन चविैक है, आप इस अध्यन से अपना नाम कभी भी वापस ल ेसकत ेहै। इस से आपका 
कोई भी नकुसान नहीं होगा। 
 
क्रकसी भी प्रकार की अधधक जानकारी के लेये कृपया सपंकट  करे िाक्र्र हर्टद अरववदं 
वंजारे (04162283016) या  email:harshadcmc2002@gmail.com 
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कंधे के रोटेटो कफ के नुकसान की अल्ट्रसाउंड से जााँच, और ऊसकी आम.अरर.आई (MRI) 
स्कॅन के साथ तुलना 
 
अध्ययन में भाग लेने के के ललए स?मतत 
 
अध्ययन सखं्या: 
प्रततभागी का नाम: 
जन्म / Age की तारीख (वर्ों में): 
हचपताल नंबर:   
 
मे_________________________________ बेर्ा / बेर्ी _____________________________ 
एलान करता हू की मैने जानकारी पत्र को पढा है / इस जानकारी पत्र को मेरे ललये पढा गया है, 
तथा मेरे सन्देहोंका चपचर्ीकरण क्रकया गया है 
 
मैं यह भी समजता हूाँ क्रक इस अध्ययन में मेरी भागीदारी परूी तरह चवसै्छिक है और मझु ेमेरे सामान्य उपिार   
और अपने काननूी अधधकारों का ज्ञान है. में जनताा हू की एस अनमुतत को वापस लेने के ललए में चवततं्र 
हु और इसस ेमेरे इलाज पर कोई असर नहीं होगा   
 
मैं समझता हूाँ क्रक अध्ययन कमटिाररयों और सचंथागत नतैतकता सलमतत के सदचयों को मेरे उपिार ररकॉिट 
को देखन ेके ललये  मेरी अनमुतत की जरूरत नहीं है और उसका ऊपयोग करने के ललय सहमती देता हू  
मैं समजता हू की इस अध्यन के पररनाऊ पर मेरा होई अधधकार नहीं होगा  
 
मैं समझता हूाँ क्रक मेरी पहिान क्रकसी तीसरे पक्ष को जारी या प्रकालित जानकारी में खुलासा नहीं क्रकया जाएगा 
 
मैं चवेछिा इस अध्ययन में भाग लेने के ललए सहमती देता हू 
 
नाम: 
हचताक्षर / अगंठेू का तनिान 
ततधथ: 
 
गवाह का नाम: 
भागीदार के सबंधं: 
ततधथ: 
 
अन्वेर्क का हचताक्षर: 
ततधथ: 
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Annexure 4: Consent form and patient information sheet in Tamil  
 
எம்.ஆர்.ஐ ஸ்கேன் மூலம் ேண்டறியப்படும் த ோள் சுற்றுப்பட்டை கிழியல், 
அல்ட்ராசவுண்ட் ஸ்கேன் மூலமாே எவ்வளவு துல்லியமாே ேண்டறிய 
இயலுமமன்று நிர்ணயிக்ே ஒரு ஆய்வு 
 
ந ோயோளியின் தகவல்  கல் 
ேிறிஸ்தவ மருத்துவ ேல்லூரியின் x-கர பிரிவிற்கு உங்ேளள 
வரகவற்ேிகறாம். உங்ேள் த ோள்வலியின் கோரணத்ட  அறியும்படி உங்கள் 
மருத்துவர் உங்கடை இந்  பிரிவிற்கு அனுப்பியிருக்ேிறார். விளரவில், 
உங்ேள் பிரச்சளைக்ோை கோரணத்ட  அறியும்படி எம்.ஆர்.ஐ ஸ்கேன் 
மசய்யப்படும். 
த ோள்பட்டைக்கு ஸ்கேன் மசய்ய வரும் ஒவ்மவாரு கநாயாளிக்கும், 
அல்ட்ராசவுண்ட் ஸ்கேன் மசய்யும் ஒரு ஆய்வு எங்ேள் துளறயில் 
மசய்யப்படுேிறது. அல்ட்ராசவுண்ட் ஸ்கேன் மசய்வதன்மூலம், உங்ேள் 
பிரச்சளைளய அறிந்து, அளத ஒரு எம்.ஆர்.ஐ ஸ்கேகைாடு ஒப்பிட்டுப் 
பார்க்ே முயலுேிகறாம்.  
எம்.ஆர்.ஐ ஸ்கேன் மசய்யும்கபாது, உங்ேள் ளேேளள அளசக்ேமுடியாது. 
ஆைால், இந்த ஸ்கேன் மசய்யும்கபாது, உங்ேள் ளேேளள அளசத்து வலி 
இருக்கும் இடத்ளத மசால்லச்மசால்லுகவாம். இதைால், இந்த ஸ்கேன் 
மூலமாே, கூடுதலாே பிரச்சளைேளள அறிய முடியலாம். 
ததோள் சுற்றுப்பட்டை கிழிதல் என்றோல் என்ன? 
நம் த ோள் சுற்றுப்பட்டையில் 4 முக்கிய  டசகள் உள்ைன. அடவகள் 
த ோள் எலும்புகடை ஒன்று தசர்த்து டவக்கிறது. அடிபட்ைோதலோ, 
வய ோகும்தபோத ோ, த ோள் சுற்றுப்பட்டையிலுள்ை  டசகள் 
தச ப்படுவ ினோல், வலி ஏற்படும். இந்  ஆய்வில், உங்கள் த ோள் மூட்டு 
 டசகைில் தச ம் இருந் ோல் அட  கண்டுபிடிக்க நோம் முயற்சி 
சசய்தவோம். 
இந்த ஆய்வில் பங்தகற்க நீங்கள் என்ன செய்ய தவண்டும்? 
இந்  ஆய்வில் பங்தகற்க, தநோயோைிகள்  ங்கள் த ோள் மூட்டு 
அல்ட்ரோசவுண்ட் ஸ்தகன் சசய்ய தவண்டும். இந்  தநரத் ில், அவர்கள் 
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 ங்கள் டகடய நகர்த்  தவண்டியிருக்கும். 
 
இதனோல் ஏதோவது ஆபத்துகத ோ, பக்கவிட வுகத ோ உண்ைோ? 
ஏதும் இல்டல. 
இதற்கு பணம் செலுத்த தவண்டுமோ? 
இல்டல. 
இதனோல் உங்களுக்சகன்ன நன்டம கிடைக்கும்? 
உங்கள் டகடய அடசத்துக்சகோண்தை ஸ்தகன் சசய்வ ோல் எம்.ஆர்.ஐ.-யி 
ைால் கண்ைறியக்கூைோ  குறிப்புகள் அறியக்கூடும். 
 
உங்கள் தனிப்பட்ை விவரங்கள் ரகெியமோக டவக்கப்படுமோ? 
இந்  ஆரோய்ச்சியின் விடைவுகள் மருத்துவ இ ழ்கைில் சவைியிைப்படும். 
இ ற்கு உங்கள் மருத்துவ குறிப்புகளும் உபதயோகிக்கப்பைலோம். ஆனோல் 
உங்கள் சபயதரோ, மற்ற  னிப்பட்ை குறிப்புகதைோ சவைியிைப்பைோது. 
இந்த ஆரோய்ச்ெியிலிருந்து பிறகு விலகிக்சகோள் லோமோ? 
இ ில் உங்கள் பங்தகற்பு  ன்னோர்வமோனத . எப்சபோழுது 
தவண்டுமோனோலும் நீங்கள் இந்  ஆரோய்ச்சியிலிருந்து விலகிக்சகோள்ைலோம். 
இ ில் பங்தகற்க மறுத் ோல் உங்கள் சிகிச்டசடய அது எவ்வி த் ிலும் 
போ ிக்கோது. 
தமலும் தகள்விகளுக்கு அணுகவும்: 
Dr. ஹர்ஷத் அரவிந்த் வஞ்சோதர (04162283016) 
ஈசமயில்: harshadcmc2002@gmail.com. 
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கிறிஸ்தவ மருத்துவ கல்லூரி  
 
தடலப்பு: எம்.ஆர்.ஐ. ஸ்தகன் மூலம் கண்ைறியப்படும் த ோள் 
சுற்றுப்பட்டை கிழி ல் அல்ற்றோ சவுண்ட் ஸ்தகன் மூலம் எவ்வைவு 
துல்லியமோக அறிய இயலுசமன்று நிர்ணயிக்க ஒரு ஆய்வு  
ஆய்வு எண் :  
பங்தகற்தபோரின் சபயர்:  
பிறந்  த  ி/ வயது: 
கீழ்க்கண்ை இைத் ில் டிக் குறி இைவும்:  
1. நோன் __________ ஆம்த  ியில்  கவல்  ோடைப் படித்து 
புரிந்துசகோண்தைன். என் சந்த கங்கடை தகட்டு அறிந்து சகோள்ைவும் 
எனக்கு வோய்ப்பைிக்கப்பட்ைது.[ ]  
2. இவ்வோய்வில் என் பங்தகற்பு முழுவதும்  ன்தனோர்வமோனச ன்றும் 
எந்  தநரத் ிலும் நோன் விலகிக் சகோள்ைலோசமன்றும் அறிந் ிருக்கிதறன். 
இ னோல் என் சிகிச்டசதயோ உரிடமகதைோ எவ்வி த் ிலும் 
பறிக்கபைோச ன்று அறிகிதறன். [ ]  
3. இவ்வாராய்ச்சி நடத்துபவகரா, அவரது சார்பாே கவகறாரு நபகரா, நிர்வாே 
குழுவிைகரா, அதிோரிேகளா என்னுளடய கூடுதல் ஒப்புதல் இல்லாமல் 
இவ்வாய்விற்ோே, என் மருத்துவ விவரங்ேளள உபகயாேிக்ே 
அனுமதிக்ேிதறன். ஆைாலும் என் தைிப்பட்ட விவரங்ேள் எவ்விதத்திலும் 
மவளியிடப்படமாட்டது எை அறிேிதறன். [ ]  
4. அறிவியல் முன்கைற்றத்திற்ோய் இவ்வாய்வின் மூலம் அறியப்படும் எந்த 
தேவளலயும் மவளியிட நான் தளட மசய்யமாட்கடன் [ ] 
5. இவ்வாய்வில் பங்குமபற நான் சம்மதிக்ேிதறன். [ ]  
பங்கேற்பவர்/ சட்டபூர்வ பிரதிநிதியின் ளேமயாப்பம் : 
கததி:  
மபயர்:  
ஆய்வாளரின் ளேமயாப்பம்:               சாட்சியின் ளேமயாப்பம்: 
கததி:                                                                                 கததி:  
மபயர்:                                   மபயர் 
 
: 
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Annexure 5: Consent form and patient information sheet in 
Bengali  
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Annexure 6: Consent form and patient information sheet in 
Telugu 
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Annexure 7: Raw data 
 
                
serial hospital gender age handedness occupation smoking pack 
1 631009f 0 48         
2 631198f 0 30         
3 632361f 0 74   0     
4 960711d 1 24         
5 008690f 0 32         
6 627257f 0 17         
7 637992f 1 21         
8 423924f 0 45   0 0   
9 643687f 1 37         
10 692326d 0 52   1     
11 653251f 0 47   1 1   
12 322654f 0 53     0   
13 469022f 0 26         
14 631458f 0 37         
15 680713f 0 21         
16 579667c 1 59         
17 702454f 1 46   1     
18 702775f 0 29         
19 714744f 0 38     1   
20 777040f 0 39         
21 785042f 0 57         
22 772546f 0 23 1 1 1   
23 264283f 0 32 1 1 1   
24 792703f 0 67 1 1 1   
25 958858a 1 47 1 1     
26 806016f 0 23 1 0 1   
27 701908a 0 52 1   1   
28 810654f 0 34     0   
29 813595f 0 45 1 0 1   
30 820134f 0 28 1 1 0   
31 819992f 1 52 1 1 1   
32 461522b 0 53   1     
33 823931f 0 50   1 1   
34 004727f 1 48 1 1     
35 016026c 0 37 1 1 1   
36 813520f 1 30 1 1     
37 728277f 0 38 1 1     
38 825249f 0 42 1   0   
39 609016c 0 22 1 1 0   
40 827221f 0 30 1 1 1   
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41 830759f 0 39 1 1     
42 849456c 0 23 1 1 1   
43 541278a 1 52 1 1     
44 841550f 0 33 1 1 1   
45 849767f 0 41 1 1 1   
46 852638f 0 29 1 0 1   
47 274111d 0 24 1 1 1   
48 855242f 0 29 1 1 1   
49 828077f 0 24 1 1 0 2 
50 863806f 0 31 1 0 0 3 
51 858584f 0 32 1 1 1   
52 586413c 1 47 1 1     
53 872280f 0 55 1 0 0 3 
54 878386f 1 41 1 1     
55 344844c 0 45 1 0 0 5 
56 883420f 0 48 1 1 0 3 
57 275430d 0 33 1 1 1   
58 161495f 0 64 1 1 1   
59 890001f 0 44 1 1 0 5 
60 124071d 0 49 1 1 0   
61 153631d 1 61 1 1     
62 877127f 0 27 1 1 0 1 
63 972382d 0 43 1 1 1   
64 899463f 0 31 1 1 1   
65 011969g 1 44 1       
66 853537b 1 57 1 1     
67 012086g 0 24 1 0 0   
68 012277g 0 27 0 0 1   
69 016141g 0 44 1 1     
70 018164g 0 45 1 1 1   
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Trauma               
  history mode onset medication physiother 
joint 
injection operation 
                
  0 1 0 0 1 1 1 
            1 1 
  1     0 1 1 1 
  1           1 
  1         1 1 
  0 3 1     1 1 
  1         1 1 
                
              1 
  0 2 1 1 1 1 1 
  1             
  0 1 1     1 1 
  0 1 1     1 1 
              1 
  1             
  1     0 1 0 1 
  0 2 1       1 
  1           1 
  1           1 
  1           1 
  0 1 1 0 1 1 1 
  0 0 1 1 0 1 1 
  1 2 1 0 0 1 1 
  1     0 0 1 1 
  1     0 0 1 1 
  1     0 0 0 1 
  1       1 1 1 
  0 3 1 1 1 1 1 
  0 1   0 1 1 1 
  1     0 1 1 1 
  0 2 1         
  0 1 1 1 0 1 1 
  1     0 1 1 1 
  0 2 1   1 1 1 
  1 2   0 1 1 1 
  0 1 1 0 0 0 1 
  1       1 1 1 
  0 1 1 0 1 1 1 
  1       1 1 1 
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  0 1 1 0 1 1 1 
  0 3   0 0 1 1 
  1     1 0 0 1 
  0 3   0 1 0 1 
  0 2 0 0 1 0 1 
  0 0 1 1 0 0 1 
  1     0 0 1 1 
  1     1 1 1 1 
  0 2 1 1 1 1 1 
  0 3   0 1 1 1 
  1     0 1 1 1 
  1     0 1 1 1 
  0 2 1 0 1 1 1 
  1     0 0 1 1 
  0 2 1 1 0 1 1 
  1     0 1 1 1 
  1       0 1 1 
  0 3     1 1 1 
  0 2 1 0 0 0 1 
        0 1 1 1 
  1     0 1 1 1 
  1     0 1 1 1 
  1     1 1 1 1 
  0 1   1 1 1 1 
  0 2     0 0 1 
  0 3 0 0 0 0 1 
  0 2 1 0 1 1 1 
  0 1       1 1 
  1         1 1 
  0   1     1 1 
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diabetes years hypertensi   cholestero total triglyceri ldl 
1               
1   1   1       
        1       
1   1   1       
1   1   1       
        1       
        1       
0   1   1       
1       1       
1       0 210 273 133 
1   1   1       
1   0   0 268 213 190 
1   1   1       
        1       
        1       
1       1       
                
        1       
1   1   1       
1       1       
0   0   0 153 70 95 
1   1           
1   1   1       
1   1   1       
1   1   1       
1   1   1       
1   0   0 143 136 99 
1   1   1       
1   1   1       
1   1   1       
1   0   1       
1       0 167 84 124 
1   1   1       
1   1   1       
0   1   0 170 163 121 
1   1   1       
1       1       
1   0   0 164 203 102 
1   1   1       
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1   1   1       
1   1   1       
1   1   1       
0 1     0 158 146 112 
1   1   1       
1   1   1       
1   1   0 136 108 93 
1   1   1       
1   1   1       
1   1   1       
1   1   1       
1   1   0 170 177 118 
1       1       
1   0   1       
1   1   0 113 84 72 
1   0   1       
1   1   0 200 355 124 
1   1   0 163 117 129 
1   1         121 
1   1   1       
1   1   0 161 83 118 
0   0   0 187 220 116 
1   1   1       
1   1   0 163 90 121 
1   1   1       
1   1   0 199 260 123 
1   1   1       
1   1   1       
1   1   1       
1   1   0 139 76 88 
0   1   0 104 188 72 
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hdl vldl   vitamin level   shoulder 
      0 24   1 
      1     0 
      1     0 
      1     1 
      1     0 
      1     0 
      1     0 
      1     1 
      0 17   0 
33     0 10   0 
      1     0 
36     0 6   0 
      1     0 
      1     0 
      1     0 
      0 29   0 
      0 22   0 
      1     0 
      1     0 
      0 23   0 
41     1     0 
            1 
      1     1 
      1     1 
      1     1 
      0 14   0 
28     0 20   0 
      1     1 
      1     1 
      1     0 
      0 23   0 
36     1     1 
      1     1 
      0 30   0 
30     1     0 
      1     0 
      1     0 
38     1     0 
      1     1 
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      1     1 
      1     0 
      1     1 
37     0 31   1 
      1     0 
      1     0 
27     1     0 
      0 19   0 
      1     0 
      1     1 
      1     0 
32     1     0 
      0 58   0 
      1     0 
36     1     0 
      1     0 
28     1     0 
23     1     1 
      1     1 
      1     1 
35     0 24   1 
36     1     0 
      1     1 
33     0 28   1 
      0 29   0 
41     1     0 
      0 8   1 
      1     0 
      1     1 
47     1     1 
26     1     0 
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USG Biceps       Subscapularis   
    morphology fluid dislocatio   morpholog1 
    0 0 1   0 
    0 1 1   0 
    0 0 1   1 
    0 1 1   0 
    0 0 1   0 
    0 0 1   0 
    0 0 1   0 
    0 1 1   0 
    0 1 1   0 
    0 0 1   0 
    0 0 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    1 1 0   1 
    0 1 1   0 
    0 1 1   0 
    1 0 1   0 
    0 1 1   0 
    0 0 1   0 
    0 1 1   0 
    0 1 1   0 
    0 0 1   0 
    0 1 1   0 
    0 1 0   0 
    1 1 1   0 
    0 0 1   0 
    0 1 1   1 
    0 1 1   1 
    0 0 1   1 
    0 0 1   1 
    0 1 1   0 
    0 0 1   0 
    0 0 1   1 
    0 1 1   1 
    0 0 1   1 
    0 0 1   1 
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    0 1 1   0 
    0 0 1   0 
    0 0 1   0 
    0 0 1   0 
    0 0 1   0 
    0 1     0 
    0 0 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   0 
    0 1 1   1 
    1 0 1   1 
    1 0 1   1 
    0 0 1   0 
    0 0 1   0 
    0 0 1   1 
      0     1 
    0 0 1   0 
        0   0 
    0 0 1   0 
    0 1 1   1 
    0 1 1   0 
    0 1 1   1 
    0 0 1   1 
    0 0 1   0 
    0 1 1   0 
    0 1 1   0 
    0 0 1   1 
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      Supraspinatus         
tear type partial   morpholog2 tear1 type1 partial1 
1       0 1     
1       0 1     
1         0 0   
1       0 1     
1       1 0 1 2 
1       0 1     
1       0 1     
1       0 1     
1       1 0 1 1 
1         0 0   
1       1 0 1 0 
1       1 0 1 3 
1       1 0 1 3 
1       1 0 1 0 
1       1 1     
1       0 1     
1       1 0 1 3 
1       1 0 1 3 
1       1 0 1 3 
1       1 1     
1       1 0 1 0 
1       0 1     
1       0 1     
1       1 1     
1       1 1     
1       0 1     
1       1 0 1 0 
1       0 1     
0 1 0   0 1     
0 1 0   1 1     
0 1 0   1 0 1 1 
0 1 0   1 0 1 0 
1       1 1     
1       1 1     
1       1 0 1 0 
0 1 0   1 0 0   
0 1 0   1 0 1 0 
1       1 0 1 0 
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1       0 1     
1       1 0 1 0 
1       1 1     
1       1 0 1 0 
1       1 0 1 0 
1       0 1     
1       1 0 1 1 
1       0 0 1 3 
1       1 1     
1       0 1     
1       1 1     
1       1 0 1 0 
1       1 0 1 3 
1       1 0 1 1 
1         0 0   
1       1 0 1 0 
0 1 0   1 0 0   
1       1 1     
1       0 1     
1       1 0 0   
1       1 0 1 0 
1       1 0 1 0 
1       1 0 1 3 
1       1 1     
1       1 0 1 0 
1       1 1     
1       1 1     
0 0     1 0 0   
1       1 1     
1       1 0 1 3 
1       0 1     
1       0 1     
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  Infraspinatus         
SASD 
bursa   
impingemen   morpholog3 tear2 type2 partial2   fluid1 
    0 1       1 
0   0 1       1 
      0 0     0 
0   0 1       1 
1   0 1       0 
0   0 1       0 
0   0 1       0 
0   0 1       1 
0   0 1       0 
      0       1 
0   0 1       0 
0   1 0 1 2   0 
0   0 1       1 
0   0 1       0 
0   0 1       1 
0   0 1       1 
0   0 1       0 
0   0 1       0 
0   0 1       0 
    0 1       1 
    0 1       0 
0   0 1       1 
0   0 1       1 
    0 1       0 
    0 1       0 
0   0 1       1 
0   0 1       0 
0   0 1       0 
0   0 1       1 
    0 1       1 
1   1 1       0 
    0 1       0 
    1 1       0 
    0 1       1 
    0 1       0 
    1 1       0 
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    0 1       0 
    1 1       0 
    0 1       0 
    0 1       0 
    1 1       1 
    0 1       0 
    0 1       0 
    0 1       1 
    0 1       0 
    0 1       0 
    0 1       1 
    0 1       0 
    0 1       1 
    0 1       0 
    0 1       0 
    0 1       0 
      0 0     0 
    1 0 1 2   0 
    1 1       0 
    0 1       0 
    0 1       0 
    1 0 0     0 
    1 0 0     0 
    0 1       1 
    0 1       0 
    0 1       0 
    0 1       0 
    0 1       0 
    1 1       0 
    0 1       0 
    0 1       1 
    0 1       0 
    0 1         
    0 1       0 
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Posterior 
labrum     
Humeral 
Surface     
GH joint 
fluid 
AC joint 
arthrosis 
synovial   superior inferior   surface cyst glenohumer ac 
1         0 1 1 0 
1         0 1 1 0 
0   0 0   1 1 1 0 
1   0 0   0 1 1 0 
0   0 0   0 1 1 0 
0         0 1 1 1 
0   0     0 1 1 1 
1         0 1 1 1 
0         0 1 1 1 
1         1 1 1 2 
0   0     1 1 1 1 
0   2     1 1 1 1 
1   0     1 1 1 1 
0         0 1 1 0 
1   0     1 1 1 0 
1   0 0   1 1 1 1 
0   0 0   0 1 1 2 
0   0 0   0 1 1 1 
0   0 0   1 1 1 1 
1   0 0   0 1 1 1 
0         1 1 1 1 
1   0     1 1 1 1 
1   0     1 1 1 1 
0   2     1 1 1 2 
0   0     0 1 1 1 
1   0 0   0 1 1 1 
0   0     0 1 1 1 
0   0     1 1 1 1 
1   0     1 1 1 1 
1   0 0   1 1 1 1 
0   2 0   1 1 1 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
1   0 0   1 1 1 1 
0   0 0   0 1 1   
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0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 2 
1   0 0   0 1 1 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
1   0 0   0 1 1 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
1   0 0   0 1 1 1 
0   0 0   1 1 1 1 
1   0 0   0 1 1 0 
0   0 0   0 1 1 1 
0   0 0   0 1 1 1 
0   0 0   0 1 1 1 
0   0 0   1 1 1 1 
0   2 0   1 0 1   
0   1 0   1 1 0 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1 1 
0   1 0   1 1 1 1 
0   0 0   1 1 1 0 
1   0 0   0 1 1 1 
0   0 0   0 1 1 1 
0   0 0   1 1 1 1 
0   0 0   0 1 1 1 
0   0 0   0 1 0 1 
0   0 0   1 1 1 1 
0   0 0   1 1 1   
1   0 0   0 0 1 1 
0   0 0   0 1 1 1 
    0 0   0 1 1 1 
0   0 0   0 1 1 0 
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MR
I Biceps       
Subscapular
is       
    
morpholog
4 fluid2 
dislocati
1   
morpholog
5 tear3 type3 
    0 1 1   0 1   
    0 1 1   0 1   
    1 0 1   1 0 1 
    0 1 1   0 1   
    0 0 1   0 1   
    0 1 1   0 1   
    0 1 1   0 1   
    0 0 1   1 1   
    0 0 1   0 1   
    0 0 1   1 0 1 
    0 0 1   0 1   
    0 0 1   0 1   
    0 1 1   0 1   
    0 0 1   1 0 1 
    0 1 1   0 1   
    1 0 0   1 0 0 
    0 0 1   0 1   
    0 0 1   0 1   
    0 0 1   1 0 1 
    0 0 1   1 0 1 
    1 0 1   1 1   
    0 0 1   0 1   
    0 1 1   0 1   
    0 0 1   0 1   
    0 1 1   0 1   
    0 1 1   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
    0 0 1   1 1   
    0 0 1   0 1   
    0 0 1   1 0 1 
    0 0 1   0 1   
    0 1 1   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
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    0 0 1   0 1   
    0 0 1   0 1   
    0 1 1   1 0 1 
    0 0 1   0 1   
    0 1 0   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
    1 0 1   1 0 1 
    0 0 1   0 1   
    0 1 1   0 1   
    0 1 1   0 1   
    0 1 1   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
    1 1 1   1 1   
    1 0 1   1 1   
    1 0 1   0 1   
    0 0 1   1 0 1 
    0 0 1   0 1   
    0 1 1   0 1   
    0 0 1   1 1   
      0 0   0 1   
    0 1 1   1 1   
    1 0 1   1 1   
    0 1 1   0 1   
    0 0 1   0 1   
    0 0 1   0 1   
      0 0   1 1   
    1 0 0   1 0 0 
    0 0 1   1 1   
    0 0 1   1 0 1 
    0 0 1   1 1   
    0 0 1   1 0 1 
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Supraspinatu
s           
Infraspinatu
s 
partial3   
morpholog
6 tear4 type4 partial4 
impingeme
1   
    1 1     0   
    1 1     0   
2   1 0 0       
    0 1     0   
    1 0 1 2 0   
    0 1     0   
    0 1     1   
    1 0 1 3 0   
    1 0 0   0   
2   1 0 0       
    1 0 1 0 0   
    1 0 1 1 0   
    0 1     0   
2   1 0 1 3 0   
    0 1     0   
    1 0 0       
    1 0 1 3 0   
    1 0 1 0 0   
2   1 0 1 0 0   
2   1 0 1 3     
    1 0 0       
    0 1     0   
    0 1         
    1 0 1 3     
    0 1         
    0 1         
    1 0 0       
    0 1         
    0 1         
    0 1         
0   1 0 0       
    1 0 1 3     
    0 1         
    1 1         
    1 0 0       
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    1 1         
    0 0 1 3     
0   1 0 1 0     
    0 1         
    0 1         
    1 1         
    1 0 1 0     
    1 0 1 1     
    1 1         
0   1 0 0       
    1 0 1 1     
    0 1         
    0 1         
    0 1         
    1 0 1 0     
    1 1         
    1 0 1 1     
    1 0 0       
    1 0 0       
0   1 0 1 0     
    1 1         
    0 1         
    1 0 0       
    1 0 1 0     
    1 0 1 3     
    1 0 1 0     
    0 1         
    0 1         
    0 1         
    1 1         
    1 0 0       
    1 1         
0   0 1         
    1 1         
0   0 1         
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SASD 
Bursa     
Posterior 
labrum 
morpholog
7 tear5 type5 partial5   fluid3 
synovial
1   
0 1       0 0   
0 1       0 0   
1 0 0     0 0   
0 1       0 0   
0 1       0 0   
0 1       1 1   
0 1       1 1   
0 1       1 1   
0 1       0 0   
1 0 0     0 0   
0 1       0 0   
0 1       0 0   
0 1       1 1   
0 1       0 0   
0 1       0 0   
1 0 0     0 0   
0 1       0 0   
1 1       1 1   
1 0 1 2   0 1   
0 1       1 1   
1 1       0 0   
0 1       1 1   
0 1       1 1   
1 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       1 1   
0 1       1 1   
0 1       1 1   
1 1       0 0   
0 1       0 0   
0 1       1 1   
0 1       0 0   
0 1       0 0   
P a g e  | 149 
 
0 1       0 0   
0 1       1 1   
1 0 1 0   0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
1 1       0 0   
0 1       1 1   
1 1       0 0   
0 1       0 0   
0 1       0 0   
1 0 0     0 0   
0 1       0 0   
0 1       0 0   
1 1       0 0   
0 1       0 0   
1 0 0     0 0   
0 1       0 0   
0 1       0 0   
0 1       0 0   
1 0 1 2   0 0   
0 1       1 1   
0 1       1 1   
1 1       0 0   
1 1       0 0   
1 1       1 1   
0 1       0 0   
0 1       0 0   
0 1       0 0   
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Humeral 
head     
GH joint 
fluid 
AC joint 
arthrosis 
superior1 inferior1   surface1 cyst1 glenohume1 ac1 
0 0   1 0 0 1 
0 0   0 1 1 0 
0 0   1 1 0 1 
0 0   0 1 0 0 
0 0   0 1 1 0 
0 0   1 0 1 0 
0 0   0 1 1 0 
0 0   0 1 1 1 
0 0   0 1 1 0 
0 0   0 1 0 1 
0 0   1 0 1 0 
0 0   1 0 0 0 
0 0   1 0 1 0 
0 0   0 1 1 0 
0 0   1 0 1 0 
0 0   1 0 0 0 
0 0   0 1 1 1 
0 0   0 1 1 1 
0 0   1 1 1 1 
0 0   0 1 1 1 
0 1   1 0 1 1 
0 0   1 1 1 1 
1 0   1 1 1 1 
0 0   1 1 0 2 
0 0   1 0 1 1 
0 0   0 1 1 1 
0 0   0 0 1 2 
0 1   1 0 1 1 
0 0   0 1 1 0 
0 0   1 1 1 0 
0 0   1 0 0 1 
0 1   1 1 0 1 
0 0   1 0 1 1 
0 0   0 0 1 1 
1 0   0 0 0 1 
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0 0   1 1 0 1 
0 0   1 0 0 1 
0 0   0 1 1 1 
0 0   1 1 1 1 
0 0   1 1 1 1 
0 0   0 0 1 1 
0 0   1 1 1 1 
0 0   0 1 1 1 
0 0   1 1 1 1 
1 0   1 0 0 1 
0 0   1 1 1 1 
0 0   0 1 1 1 
0 0   1 1 1 0 
0 0   0 1 1 0 
0 0   1 0 1 1 
0 0   1 1 1 1 
0 0   1 1 1 2 
0 0   1 1 0 1 
1 0   1 1 0 1 
0 0   1 0 0 1 
0 0   1 1 1 1 
0 0   0 0 1 1 
0 0   1 0 0 2 
0 0   0 1 0 0 
1 0   0 0 1 1 
0 0   0 1 1 1 
0 0   1 1 1 0 
0 0   0 1 1 0 
0 0   0 1 1 1 
0 0   0 1 0 1 
0 0   0 1 0 0 
0 0   0 1 0 1 
1 0   0 1 1 1 
1 0   0 1 1 1 
0 0   1 0 1 1 
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